Acrivos with parents, Athanasios and Anna, in Psychico, Athens, 1960. of course changed everything. You can't imagine how dreadful the occupation was. Although we did not suffer as much as an awful lot of other people in Europe, they were the kind of years that one would much rather forget. Now, as far as to what extent my early life steered me toward science and engineering, that's a more complicated question to answer because, although my father was trained as a chemist and worked as a textile engineer, there was never any talk about science in my family. In fact, the whole background of that kind of society I was brought up in was in commerce, so until the war came, I never thought too much about making a living, except perhaps inheriting the business from my father. And then the equation changed.
Figure 4
Acrivos at the University of Minnesota, 1954 .
ES: Well, that's what you need for-
AA: For Greece.
ES: -for Greece.
AA: So I chose Minnesota and went there in the fall of 1950. The first big surprise for me was a new building (Figure 4) , which I didn't expect. Like all chemical engineering departments in those days, chemical engineering at Minnesota had started in the basement of the old chemistry building, but in 1950, they had just opened up a brand new building of its own. The next big surprise was meeting Amundson, who impressed me immensely at first glance-as a person, I mean; you could see that this was somebody who was going to go ahead. He had some of that magic in him. And he was the advisor of all the incoming graduate students.
ES:
Oh, okay. Was there a partition between master's students and PhD students?
AA: No, no.
ES: Or were they just graduate students?
AA: They were all graduate students.
ES:
Your idea of getting a master's got you lumped in with other people who wanted to get PhDs, etc.
AA:
Yes, but most, if not a good part, of us were master's students, and we were supported by teaching assistantships because there was no research money to support graduate work.
So the third surprise on arriving in Minnesota was when I talked to Amundson about my program. He said, "Well, you know what most people do is they decide on a minor, and if you want. . .". I said, "I want chemistry and physical chemistry." "Well, in that case you should take these courses in physical chemistry, and then you should take these courses in chemical engineering." I said, "And how about, you know, this plant design course?" And he said, "What's that?" "Well, it's a course printed in the catalog." He said, "This silly course? My god, we haven't offered that course for ages. Good thing you told me about it and I'll make sure we-" AA: Well, first of all, I had a wonderful experience as a graduate student with superb courses that I took, both with Amundson, who was a fantastic teacher, and also in physical chemistry. We had some excellent teachers there, and I learned a tremendous amount. I really enjoyed being a graduate student. I said to myself, "This is a lot of fun. Why stop at the master's degree?" And, of course, my teachers in Minnesota were very happy to see me continue, and I was given a thesis on the hot topic of the day: distillation. But my assignment required me to solve a very tough mathematical problem. And you know what? I still read my thesis sometimes, and I should give it to you because you're going to enjoy reading it. It is really a beautiful thesis. And I had to invent a new transform in order to solve the equations that described distillation in the system I was studying. It was for solving a differenceintegral equation that nobody had ever looked at before, and I had to invent this transform. It was great. I got my PhD there. I finished in three and a half years, and I still didn't feel quite prepared to go back to Greece. So I started looking around for something to do, and in those days-this was 1954-foreign students just could not get a job in industry at all.
ES:
In the United States.
AA:
ES: Right.
AA: I started looking for a teaching position, and Amundson ( Figure 5 ) would go around telling everybody that he had this great student and would they hire him? And he talked to Charlie Wilke, who was the head of the chemical engineering division-it was not a department as yet-at the University of California at Berkeley. I was offered a temporary position as an instructor for three quarters to teach applied math.
ES:
Okay. So Neal Amundson essentially shopped you around as a professor hire, as a teaching hire.
AA: Yes.
ES: And you were amenable to that.
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ES:
You wanted to do that because you weren't ready to go back to Greece at that point.
AA:
That's right. Yes.
ES: And the place you landed then was a temporary teaching position at Berkeley.
Not only that, but I still have the letter offering me that position from Charlie Wilke, saying that under no circumstances were they going to extend that appointment. I was always getting a big kick out of showing this letter to Charlie.
ES:
Were you also expected to do research even though you only had a temporary teaching appointment?
AA: No.
In that case, I suspect that you were asked to teach quite a lot given that, generally, these are teaching appointments.
AA:
No, and this was the nice thing about that appointment. On one hand, it was a very cheap appointment because it paid very little. In fact, the salaries for professors in those days were really pitiful.
ES: Really?
AA: The big money was made in industry.
ES: Right.
AA: But that was closed to me because I couldn't go into industry on account of the fact that I was still on a student visa. This temporary teaching appointment was the only job I had and no other offers. They gave me this job and I taught-I think it must have been two courses a term. I wrote Andreas and Jennie Acrivos, Cuba, 1956. continue to do this. At some point here, I think in graduate school, you actually met your future wife, Jennie.
AA: Yes.

ES:
Was she with you in Berkeley at that time?
AA:
No. I came to Berkeley in 1954, and she was still a graduate student in chemistry until 1956, when she received her PhD from the University of Minnesota. And then we got married in Cuba (Figure 7) , where she is from, and after that she came to Berkeley.
ES:
Ah, I see. So you're in Berkeley; you're now on an appointment that is, in some sense, extended. You're doing some research. Do you start to have graduate students? AA: Yes, and the next thing I had to do is to make a decision as to what I would do for research.
And the strange thing is that I never really formally studied mathematics.
That is strange!
AA:
In fact, the only formal math course I took was freshman math, specifically, differential and integral calculus, and I learned all the other math on my own and by taking Amundson's courses.
For the first few years of my career, what I was doing for research is what Amundson was doing in a sense, in that I was using various mathematical techniques that I had acquired to solve various applied problems of interest to chemical engineers. For example, I wrote, essentially all by myself, an article on the application of matrix mathematics to a variety of chemical engineering problems. It was a nice paper, very original because nobody had thought of doing that before except for Amundson, a coauthor of that paper, who had used matrix analysis to model binary distillation. But I came to realize after awhile that this approach to doing research has its limitations-I mean, just taking one problem here and solving it and then going on to another problem. I mean, I had to find a field.
I looked around for a field, and I had a friend, Tom Baron, who was a researcher and an upcoming administrator at the Shell Development Company in Emeryville and who advised me to go into fluid mechanics. He said, "You're good at math; fluid mechanics is an active and interesting field, and since none of your colleagues know anything about fluid mechanics this should be a good opportunity for you." The strange thing about this advice was that I didn't know anything about fluid mechanics, either! ES: I mean, you hadn't taken even a single graduate course in fluid mechanics? AA: So I decided on what I was going to do for research, but first I had to learn fluid mechanics! How do you learn fluid mechanics? Well, by teaching it. I got three graduate students to volunteer to take a special course that I taught as an overload with the title "Special Topics in Fluid Mechanics." I then bought a book and started reading it and team teaching with the blind leading the blind.
ES:
And how many people were there? Just-AA: Me and the-ES: -and the three graduate students.
AA: -and three graduate students. And I took it as an overload.
ES: Right.
AA: So we took [Hermann] Schlichting's book and we started learning fluid mechanics from that book. And then I also had a friend, Larry Talbot in aeronautical engineering at Berkeley, who had a fluid mechanics background, and every time I had some questions or didn't understand some things in Schlichting, I would go to Larry and he would explain things to me. So that's really very ironic. Here I am starting my career teaching applied math, having had no formal training in mathematics-ES: And ultimately-AA: -teaching fluid mechanics with no training whatsoever in fluid mechanics.
ES: Amazing!
AA: These things could never happen today.
ES:
No. Now, the other aspect of your career, which is unique, I believe, is not just that you moved into the field of fluid mechanics, in which you had no formal training, but that you're probably most famous for your mentoring of students. You're at Berkeley; where did you get your abilities, or how did you develop your abilities to teach and mentor students? Because that's certainly one of your strongest aspects? Did you accomplish all this yourself? Or did you have very good examples-did you look at Neal Amundson, for example, and learn how to mentor from that point of view?
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Acrivos with new Mercedes, Pembroke Street, Cambridge, 1960.
AA: Without the slightest doubt, Neal Amundson was an excellent mentor and role model. And he had the same ability. If you look at his career, you'll find that it is very similar to mine, and vice versa. He had this ability to draw in a certain type of student who is ambitious and who is not afraid to take on challenges.
ES:
Yeah. It seems like a real secret that you also have. I mean, there's this incredibly strong group of students that you've had and they've been very attracted to your mentoring. and I think that's something that you've developed and you're unique at it. So it seems interesting. AA: Well, the other person who, I think, is a close parallel to that was George Batchelor. He told me that it was a great place and that he loved it and that he had met some outstanding people. So I decided to go there. On that first sabbatical I had an office in the chemical engineering department, but I met George Batchelor because, at that time, he was heading what was called a fluids unit-it wasn't even a department-in the old Cavendish laboratory on Free School Lane. That unit was housed in either two or three rooms, the total acreage of which was no bigger than the room we are sitting in here. It was so crowded that, essentially, everybody was on top of everybody else. And two things impressed me immensely: first of all, meeting Batchelor. He was only eight years older than I, but he had already established an international reputation. And he was like Amundson in the sense that he had the magnetism, which attracted the top students who wanted to get ahead.
ES: Of course.
AA:
The other thing that impressed me was that they had a very small library that contained the theses of all the people who had received their PhDs in this fluids unit. There were about a dozen theses, and when I looked at the names, I was struck by the fact that I either knew or had heard of on arbitrary values, you used asymptotics to construct a solution for either asymptotically large or small values of that parameter, which you could then combine to get an idea of what the solution looked like when the parameter in question was neither very large nor very small. But to do that, you had to use a lot of physical intuition to try and figure out the kind of approximations you had to make in the mathematical description of the problem in order to come up with a solution that is useful. This you cannot do this through calculations alone.
Nowadays, with the way computers are evolving, as you know, it's easier to do calculations. There is, of course, a good side to it, and there's a bad side to it. You can do the calculations and thereby get an answer to a specific question that you are interested in a very short time. And you get an answer to infinite "precision," but whether the answer is correct or not given the uncertainty of the underlying equation that you have solved-that's another story. But you can get an answer. This is the good part. The bad part is that you get all these answers, but all of them are for a very, very specific set of conditions because you have to put numbers in the coefficients of the equation for the particular problem you are trying to solve. In your rush to calculate these special cases, you don't devote as much attention to trying to unify these solutions to these special cases in order to get a global picture of what's going on. Unfortunately, the ability to analyze and do asymptotic expansions has not evolved to the same degree as the ability to compute things, and in fact, it's the other way around. Nowadays, there are very few people who do any kind of asymptotics, and that's a shame.
ES:
Yeah. And with that, I know you feel this, or at least have expressed it to me, that perhaps people's physical intuition isn't nearly as developed as the ability to compute. In the process of doing that analysis, you develop a physical feel for the phenomenon that you are trying to understand or to model.
AA:
If you do not have this physical intuition, you cannot, just using mathematical techniques, predict how the physical process will evolve when I do this or that. A great master of this was G.I.
[Geoffrey Ingram] Taylor, of course, of whom it was being said that he knew the answer he was going to get and he used the mathematics just to make it look respectable.
ES:
Many of his papers read like that, actually, in that he basically puts in a few mathematical steps to go to the answer that he knew was the answer to begin with. But, on the other hand, you were one of the first people in chemical engineering to actually use the computer in fluid mechanics to solve fluid mechanical problems.
AA:
That's right.
ES:
So you did find value in using the computer all throughout your career.
AA: Of course. But I did both. You see, I solved the problems that I could do using asymptotics, and [for] those that I could not do, I used numerical techniques and always tried to blend in the results with the ones that I got using asymptotic analysis. This is what's missing today.
If you look at your students, I think they still do that because even though, obviously, most of your students are involved in large computations of things, they're still using asymptotics to develop physical intuition and to try to unify the results of the computations. This is an art that is somewhat lost in chemical engineering, but it's still being taught by your students, So hopefully, you might have a renaissance with microfluidics and microhydrodynamics.
AA: Yeah, right.
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ES:
Anyway, let's talk about your next challenge. You were at Stanford for 25 years. You were a few months short of 60 years old, and you decided that you needed another challenge.
AA: Yeah.
ES:
And that other challenge was going to City College of New York as one of New York State's Albert Einstein Professors of Science and as the director of the Levich Institute. Talk a little bit about that.
AA: Let's do so. To begin with, City College is a great place, but the Levich Institute, which had been established in 1979 by Benjamin Levich, an internationally known physicist and electrochemist, had not really gotten off the ground. So I went there and developed it, so now, especially thanks to the efforts of my successor Morton Denn, it is known internationally as a great place for doing research in fluid mechanics and the flow of complex fluids. AA: Officially, I went there on January 1, 1988 and retired officially twelve and a half years later, in 2000. But I stayed on for several years more, took on students, took on postdocs, so essentially I spent 20 years there. It was a great experience. They get excellent students, and some of these undergraduates are just fantastic at City College. To be sure, some of their undergraduates don't belong at a university, but this is true in most places. Also, some of my colleagues were really wonderful people. ES: Now, we see one another quite often, and I was struck by one of the things you told me just a few weeks ago. Specifically, you told me that, in your present role, young people come to you and ask you for advice about their careers-what steps to take, what decisions to take, etc. And you said to me, and this is really interesting, that maybe you're not the best person to offer this kind of advice.
AA: That's right.
ES: Why don't you elaborate on this point?
AA: Well, to begin with, I belong in a different generation; in fact, I belong to the last century. So, I don't believe that the formula I used in being successful would necessarily prove successful in today's environment. As you know, I was free to look around and choose research problems to study because I found them fascinating from a fundamental point of view. And I could always get support to work on the things that I wanted to work on. And there was never any pressure on me to have lots of students. In fact, at any given time, I never had more than six students in my research group plus, at most, one postdoc. It started out as a fluid mechanics journal. Eventually, François Frenkiel, the editor at that time, enlarged the scope of the journal by including papers from the plasma physics community, with the result that, eventually, the fluid mechanics component shrunk down to essentially 5% of the journal. When I became coeditor in late 1981, I was given the task to build that 5% and make it big enough so that the fluid mechanics part could split off from the plasma physics community and become a separate journal.
ES:
Yes. I remember you worked very hard at that because I was a graduate student at that time.
AA: Yeah. It was a very, very exciting and fulfilling task to do that, and I was extremely proud of myself for having accomplished this because, when I finished being the editor in 1997, the journal was well on its way to becoming essentially equal for practical purposes, in terms of influence, to the Journal of Fluid Mechanics.
Yes. And it's very, very successful today and continues to be very successful.
AA: I'm extremely happy about this. The other part of my legacy is that I've been involved with three chemical engineering departments: Berkeley, Stanford, and City College, where by being present I really had an influence. At Berkeley, of course, the credit goes to Charlie Wilke, for good reason.
As for Stanford, I don't know how much credit I'm given these days.
Oh, I think that you're given enormous credit-
AA: Yeah?
ES: -as one of the founding fathers, and I'm the chair, so every time I represent the department, I represent your legacy within the department as one of the founding fathers.
